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(57) ABSTRACT 

An 10 controller device and method for controlling data 
fiov/, the method including determining a desired configu- 
ration for the 10 controller, reprogramming the 10 controller 
to allow for processing of one or more descriptor lists, 
modifying the configuration of the TO controller to reflect 
the addition or deletion of one or more virtual controllers, 
re-enumerating the 10 controller, and processing a descrip- 
tor list for each of the 10 controller and the one or more 
virtual controllers. The integrated circuit device for use as an 
10 controller includes a system bus interface, a program- 
mable list processor and a port router. The integrated circuit 
device is adapted for reconfiguration to add or delete one or 
more virtual controllers. The virtual controllers provide 
substantially the full bandwidth supported by the integrated 
circuit device. The 10 controller device and apparatus may 
be applied to personal computer systems, information 
appliances, set-top boxes, cable modems, game consoles, 
smart appliances, handheld computers, palm-sized 
computers, embedded control systems, workstations, servers 
and the like. 

12 Claims, 4 Drawing Sheets 
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FIG. 1 

100 



110 


120 


\ 


S 


QST 




SYSTEM BUS 


PROCESSOR 




INTERFACE 



130 



140 



PORT ROUTER 







140 






140 






PORT 




PORT 




PORT 



US 6,199,137 Bl 



FIG, 2 
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FIG. 3 
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METHOD AND DEVICE FOR 
CONTROLLING DATA FLOW THROUGH AN 
lO CONTROLLER 

This application is related to pending U.S. patent appli- 5 
cation Ser No. 09/477^93 for "PORT ROUTER" by Agui- 
lar et. al., filed Jan. 4, 2000, the disclosure of which is 
incorporated herein by reference. This application claims 
priority to U.S. Provisional Patent Applications Ser. Nos. 
60/114,771 filed Jan. 5, 1999, 60/114,772 filed Jan. 5, 1999 lO 
and 60/114,767 filed Jan. 6, 1999, which are also incorpo- 
rated herein by reference, 

FIELD OF THE INVENTION 

15 

This invention relates to semi-conductor devices and, 
more particularly, to input/output (10) controllers. 

BACKGROUND OF THE INVENTION 

lO controllers provide a connection between a computer 20 
operating system and an 10 interface. Conventional operat- 
ing systems create descriptor lists that form the instructions 
that an 10 controller reads and follows in order to do its 
work. Current implementations of 10 controllers include 
hardware circuits which read and initiate the operations 25 
defined in the descriptors. Any significant variation in the 
descriptor requires a new circuit, consequently rendering 
existing circuits obsolete. In practice, this creates the situ- 
ation in which the development of new operating systems 
and the development of new hardware is delayed because 30 
the development of either requires coordination with the 
other 

The operational speed of an 10 controller interface is 
typically fixed and the controller is limited to the bandwidth 
of the interface. The addition of another interface requires 
the addition of an add-on board or the redesign of a 
motherboard to accommodate a new controller interface 
device. 

Attempts to increase the bandwidth of an 10 device have 
required modification of the device hardware, precluding the 
dynamic addition of bandwidth. Modification or addition of 
hardware to a system has numerous disadvantages including 
reconfiguration expense, additional hardware expense and 
possible incompatibility with an existing operating system. 
Further, the addition of new hardware is performed while a 
system is turned off, requires a technician to install new 
hardware, and possibly requires a system administrator to 
change the operating system to support the new hardware. 
ITiis process can be difiBcult, error prone and require 
expensive, time consuming design and re -qualification. 

It is therefore desirable to have a device capable of 
accommodating the variation of a descriptor to add features, 
improve performance or provide forward or backward com- 
patibility. Additionally, it is desirable to have a device which 
can be adapted to provide additional bandwidth by dynami- 
cally creating new instance of the 10 controller in response 
to the requirements of a system without the addition of new 
hardware. 

SUMMARY OF THE INVENTION *° 

In one aspect of the invention, a method is provided for 
controlling data flow through an 10 controller in a computer 
system. The method includes determining a desired configu- 
ration for the 10 controller, reprogramming the 10 controller 65 
to allow for processing of one or more descriptor lists, 
modifying the configuration of the 10 controller to reflect 
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the addition or deletion of one or more virtual controllers, 
re -enumerating the 10 controller, and processing a descrip- 
tor list for each of the 10 controller and the one or more 
virtual controllers. The one or more virtual controllers arc 
discovered and initialized during the re-enumeration and are 
capable of providing the full bandwidth supported by the 10 
controUer. 

In another aspect, the invention is an integrated circuit 
device for use as an 10 controller comprising a system bus 
interface, a programmable list processor and a port router 
The integrated circuit device is adapted for reconfiguration 
to add or delete one or more virtual controllers. The virtual 
controllers provide substantially the full bandwidth sup- 
ported by the integrated circuit device. 

The invention may be used in a personal computer 
system, but can also be applied to other types of compute 
platforms, including but not limited to information 
appliances, set-top boxes, cable modems, game consoles, 
smart appliances, handheld computers, palm-sized 
computers, embedded control systems, workstations, servers 
and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one embodiment of the 
invention. 

FIG. 2 is a block diagram of another embodiment of the 
invention, 

FIG. 3 is a flow diagram illustrating an embodiment of the 
method of the invention. 

FIG. 4 is a block diagram illustrating one embodiment of 
a port router which can be nsed with the invention. 

FIG. 5 is a block diagram illustrating another embodiment 
of a port router which can be used with the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides an apparatus and method for 
dynamically reconfiguring an 10 device to accommodate 
changes in data flow protocol and/or host system interaction. 
The invention permits the addition (or deletion) of a virtual 
controUer creating a new channel that an operating system 
can use to transfer data. The 10 device can then provide 
dedicated throughput for peripheral devices that require high 
bandwidth, and can group several low bandwidth devices to 
produce to more efiScient data transfer. The invention allows 
for the installation of a new operating program that can 
accommodate changes in an operating system, changes in 
system requirements, problems or bugs in devices, and 
changes in the data flow protocol. 

The invention provides a practicable and cost effective 
solution for integrating additional internal circuitry into a 
compute platform (i.e. 10 controllers). lO controllers create 
a bridge between an 10 stream (bus, interface, network 
connection) and the operating system drivers in a host 
computer The present invention provides a method and 
apparatus which use programm ability to alter the operation 
of both the 10 stream and the operating system interface 
sides of the bridge. 

The invention may be applied to 10 controllers including 
but not Umited to USB, IEEE-1394, Fibre Channel, Infini- 
band and Ethernet. The apparatus and method of the inven- 
tion can provide increased data flow between peripheral 
devices and a compute platform. This increased data flow is 
provided without the need for user intervention and aUows 
for simple installation of complex devices to a compute 
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platform. The iavention may be used in a personal computer 
system, but can also be applied to other types of compute 
platforms, including but not limited to information 
appliances, set-top boxes, cable modems, game consoles, 
smart appliances, handheld computers, palm-sized s 
computers, embedded control systems, workstations, servers 
and the like. 

An 10 controller according to the invention has a longer 
market life, permits rapid prototyping and implementing of 
fixes to bugs, accommodates errors in an operating system's lO 
descriptor lists, accommodates improvements in descriptor 
Usts, and permits the incorporation of new types of descrip- 
tor operation. The invention reduces the number of different 
products needed to satisfy the requirements of a wide range 
of systems. 

The representations of the FIGURES provided herewith 
are for purposes of illustration only and is not intended to 
limit the possible implementations of the invention. The 
number of ports and 10 controllers present in a particular 
system or application may vary based on system require- 
ments. 

In one embodiment of the invention, shown in FIG. 1, an 
integrated circuit (IC) device 100 for use as an 10 controller 
is provided having a system bus interface 120, a program- 
mable list processor 110, and a port router 130. The system 
bus interface 120, programmable list processor 110, and port 
router 130 are operatively connected. The port router 130 is 
also preferably connected to one or more interface ports 140. 

By employing a programmable list processor HO, the 10 
controller can be reprogrammed or reconfigured to process 
multiple descriptor lists, unlike existing systems which are 
"single threaded" or capable of executing only a single 
descriptor list at one time. This functionality allows the 10 
controller according to the invention to act in the same 35 
manner as multiple discrete hardware controllers. 

FIG. 4 is a block diagram illustrating one embodiment of 
a port router 400 which can be used with the invention. The 
port router 400 comprises a controller switch 420, a port 
switch 440 and connection(s) 450 between the controller 40 
switch 420 and port switch 440. Connection(s) 450 com- 
prises a hub element 401. Port router 400 connects Ports 
A-D to a single controller, Controller A. The controller 
switch 420, the port switch 440 and the connection(s) 450 
each have specific input and output capabilities. The port 45 
switch 440 has fixed inputs, 441-444, each connected to an 
interface port. The port switch 440 routes any port to one or 
more port switch outputs. The port switch 440 has a total 
number of outputs to support all routing elements. In the 
example of FIG. 4, the port switch 440 has four outputs for 50 
Hub element 401. The Hub element(s) preferably comply 
with the requirements of the lO interface for a given 
application. Each Hub element combines it's inputs and 
provides a single output that is input in the controller switch 
420. Some 10 interfaces refer to the Hub Element 401 as a 55 
bridge, a concentrator or a physical interface. Multiple Hub 
elements may be iised to connect the port switch 440 to 
controller switch 420. 

The controller switch 420 preferably has one input for 
each connection to a Hub element and one input for each 60 
direct connection (shown in FIG. 2) to the port switch 440. 
The outputs from the controller switch 420 arc fixed to 
match the number of controllers that are necessary or 
available in a given application. As shown in FIG. 4, the 
controller switch has one input 421 connected to Hub 65 
element 401, and one output 427 connected to Controller A, 
It should be understood that the "inputs" and "outputs" 
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described herein aU refer to connections which can handle 
bi-directional data flow (commonly referred to as "input/ 
outputs") 

FIG. 5 illustrates the addition of a new device to Port D 
of the port router 400 of FIG. 4, where the bandwidth 
capacity for Controller A reaches a threshold. Controller B 
is added to the system and the connection of Port D through 
Hub element 201 is removed and a direct coimection 502 is 
added. Upon insertion of a device into Port D, the device is 
detected and it's capacity requirements are reported. This 
capacity is calculated to be larger than the effective capacity 
of Controller A A new controller B is added to the system, 
and the port router 100 is reconfigured to effect the connec- 
tion of Ports A, B and C to Controller A and Port D only to 
Controller B. The connection for Port D to the hub element 
501 is removed and a new direct connection 502 is created 
between the port switch 540 and the controller switch 520. 
The connection to Controller B is created from controller 
switch ou^ut 528. All data flow to and from Port D and the 
new device flows through this new connection from the port 
switch output 549 to the controller switch input 522. All data 
flow from Ports A, B and C continues to have the same 
routing from port switch outputs 545, 546 and 547 to hub 
element 501. In this configuration the data flow from Ports 
A, B and C are combined and delivered to the controller 
switch input 521. 

In operation, the port switch 400 will preferably start in a 
default state with certain port inputs connected to a desired 
Controller. The example of FIG. 4 shows a system having a 
default state with four Ports, two devices connected to Ports 
A and B, one Hub Element 401, and one Controller A. 
Through a set of hardware registers (not shown) preferably 
resident in the port router 400, software operating in the 
system can query the port router 400 and discover the default 
topology. The system software can effect a change in routing 
of signals between any combination of Ports and ControUers 
by programming values in the hardware registers. During 
operation an event occurs. An event may be a new device 
being removed or inserted into a Port. This event triggers the 
software to examine the requirements of the new device. 
These requirements may include the device's data capacity 
requirements (bandwidth and latency) and its data style 
(asynchronous, isochronous, burst, stream). The new 
requirements are combined with the current set of require- 
ments from devices already installed, and a new preferably 
optimized topology for routing the ports is computed. 
Preferably, the system software causes 10 operations to 
suspend and effect the re-routing between the Ports and 10 
Controllcr(s). The system software then resumes 10 opera- 
tions and the optimized routing becomes the new routing 
until a new event occurs. 

In another embodiment the port router 400 preferably 
contains embedded software which allows routing and 
re-routing to be effected internally without requiring the 
intervention of system software. This provides the abiUty for 
self-monitoring and dynamic load balancing based on the 
flow of data through the port router 400. 

In another embodiment of the invention, shown in FIG. 2, 
an integrated circuit (IC) device 200 for use as an 10 
controller is provided having a peripheral component inter- 
connect (PCI) btis 220 as the system bus interface, a 
programmable list processor 210, a port router 230, a data 
mux 250, and a phirality of FIFO(first in first out) data 
buffers 260. One or more interface ports 240 are also 
preferably connected to the port router 230. Each of the 
elements are preferably operatively connected to allow data 
signals and control signals to be transmitted between the 
elements. 
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When data is received from the interface it preferably Modifying the hardware description of the 10 controller 

passes through a Port 240 and the Port Router 230 preferably and requesting that the operating system re-enumerate the 

directs it to a particular FIFO 260. When a data element is lO controller allows the creation or deletion of one or more 

received in the FIFO 260, the List Processor 210 preferably new virtual instance of the 10 controller. The dynamic 
examines it and determines its disposition. The actions taken $ creation of a new lO controller can be performed multiple 

on the data element depend on the protocol mles for the ti^es, until practical Umits (i.e. system bus bandwidth, 10 

interface and will be different for example with Ethernet, controUer number limits, etc) are reached. 

USB, IEEE-1394 and the like. It is preferable that control- . ... , ^.l. ,ua f*u ■ n 

ling software in the List Processor 210 is responsible for ^.^^ embodiment of the method of the mvention lUus- 

detcrmining a desired configuration. Tlie List Processor 210 |f f flow diagram of HG. 3, a determmaUon is made 

f ui _f *• u u„+ i™;*^^ *„. that the current lO controller configuration should be modi- 

preferably performs an action such as but not hmited to: ^j^j ... l jll 

f •* Ju J * ♦ o fied. The determination may be made by the operating 

transmit the data element to system memory, cause a pend- ^ , / . ^ . J \ • : ^ . 

^. , . f . J „ ;„ system or by a monitormg element (not shown) internal to 

mg transaction to be completed, cause an error to be ^ / r« j * • . .u . 

transmitted to the system, cause an error to be transmitted to controUer. Ttie determinaUon Oiat the current lO 

the interface, prepare data for transmission to the interface. controUer configuration should be modified is preferably 

All data elements transmitted to and from system memory niade based on the existence of one or more predetermined 

through the PCIbus 220 preferably pass through the Data f ?^L^^^i ^""^J"?} 1^'' ii 

Mux 250 element. When a data element is to be transmitted ^^^'^^"^^ controller, 

from system memory to the interface, it is preferably The determination is preferably based on a number of 

received through the PCIbus 220, passed through the data criteria including but not limited to: the total bandwidth 

mux 250 and placed into the correct FIFO 260. The List requirements of peripheral devices, the bandwidth require- 

Processor that initiated fetching the data from system ments of a particular peripheral, the latency requirements of 

memory preferably prepares it for transmission to the inter- a particular peripheral, the presence of conflicting 

face and monitors the conditions on the interface for the peripherals, the topology of the peripherals, the addition or 

appropriate opportunity for data transmission. If the inter- removal of a peripheral, the increase or decrease in the 

face is non responsive or not operational the List Processor bandwidth requirements of an existing peripheral, the 

210 preferably may take several actions: save data for later increase or decrease in the latency requirements of an 

retransmission, report an error to the system, and the like. existing peripheral, and the such. 

The List Processor element 210 preferably has many The operation of the 10 controller is then preferably 
characteristics of a general purpose compute engine such as 30 temporarily suspended. The devices attached to the 10 

a microprocessor or microcontroller with adaptations to controUer are suspended (or put to sleep) to stop the data 

perform the functions of controlling the flow of data flow. The list processor 110 is then preferably programmed 

between the Port and system bus. It executes software that to allow the processing of one or more new descriptor lists 

preferably is fixed in ROM or that more preferably may be for each virtual controUer added to the system. The descrip- 
downloaded. The software is preferably written to reflect the 35 tor Ust(s) previously in operation remain intact and are 

manner in which the protocol on the interface is defined, processed along with the new descriptor Ust(s) when opera- 

typicaUy foUowingindustrystandards.lt is preferred that the tion resumes. The configuration of the 10 controUer is 

software can also be appUed for private interface standards. modified to reflect the addition or deletion of one or more 

If for example, the protocol requires that the system trans- virtual controllers. Preferably, the devices connected to the 
mits a data element and receives an acknowledgment that 40 10 controUer are re-routed to a desired configuration which 

the data was correctly received, the List Processor element provides efficient data paths thus optirnizing or improving 

has a software control structure that anticipates the receipt of the data flow through the 10 controUer. This is typicaUy 

the acknowledgment, if no acknowledgment is received then accomplished by dividing the data flow between the one or 

perhaps a re-transmission is initiated or an error is trans- more 10 controUers. 

mitted to the system. The exact action depends on the rules 45 After reconfiguration is complete, a request is made to the 

of the protocol definition. operating system to re-enumerate the 10 controller. The 

The system bus 120 may also comprise other multi-master virtual controUers are detected, and the operating system 

bus structures including but not limited to PCI-X, queries to discover which devices are connected to which 

Infiniband, VMNEbus, HubLink, and the like. A common controUers. Descriptor lists are created and the list processor 
feature of these operating systems is an enumeration phase. 50 HO begins to process each descriptor list. The devices may 

During enumeration, the hardware present on a system bus then resume operation. Typically the devices are 

is queried, the data describing the features of the hardware re-enumerated by the operating system, 

is created and acted upon by operating system software. The Features of the list processor 110 include multi-threaded 

operating system used with the invention is preferably execution in which multiple descriptor lists may be operated 
capable of performing re-enumeration if requested. 55 on simultaneously. Typical operations which can be 

It is preferred that the invention has a default configura- executed simultaneously by the fist processor 110 include: 

tion that is reported during enumeration. In a preferred fetching from system memory, caching (or fetching descrip- 

default state, the hst processor 110 is programmed to process tors before they are needed to reduce multiple accesses to 

a single list and is configured to report a single 10 controller system memory), validation of Uie descriptor, preparation of 
to the operating system. It is also preferred that the default 60 lO hardware for data transfer, construction of data flow 

state on start up is the slate maintained from before the protocol elements, fetching or deUvering of data from and to 

previous power down. system memory, monitoring of data flow for exceptions. 

During operation Uie list processor 110 preferably func- monitoring of data flow for completion, termination of 

tions to interpret and act upon the instructions of an opcr- descriptor, error processing and cleanup, and reporting 
ating system. A virtual controUer may be created to allow the 65 results back to the operating system, 

operating system to understand and act as if muUiple Thus, the meUiod of controlUng data flow Uirough an 10 

instances of discrete 10 controUer hardware exist. controUer in a computer system according to an embodiment 
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of the invention comprises determining a desired configu- 
ration for the 10 controller, reprogramming the 10 controller 
to allow for processing of one or more descriptor Usts, 
modifying the configuration of the 10 controller to reflect 
the addition or deletion of one or more virtual controllers, 5 
re-enumerating the 10 controller, and processing a descrip- 
tor list for each of the 10 controller and the one or more 
virtual controllers. The one or more virtual controllers arc 
preferably discovered and initialized during the reenumera- 
tion and preferably provide the fiiU bandwidth supported by lO 
the lO controller and defined by the interface specification. 

Modifying the configuration of the 10 controller prefer- 
ably includes creating one or more new configuration 
descriptors which indicate the presence of the one or more 
virtual controllers. Connections from the interface ports arc 15 
preferably rerouted to a desired routing configuration which 
provides efficient data flow. Determining a desired configu- 
ration for the 10 controller and modifying the configuration 
of the 10 controller is preferably controlled by drivers in the 
computer system, or more preferably by firmware embedded 20 
in the 10 controller. Determining a desired configuration for 
the 10 controller preferably includes determining whether 
the existing configuration of the lO controller should be 
changed based on existing conditions and determining an 
optimized configuration for the 10 controller based on the 25 
existing conditions. 

The method of controlling data flow through an 10 
controller in a computer system according to another 
embodiment of the invention comprises entering a recon- 
figuration mode upon the existence of one or more prede- 
termined conditions, determining a desired configuration for 
the 10 controller, reprogramming the 10 controller to allow 
for processing of one or more descriptor b'sts, modifying the 
configuration of the 10 controller to reflect the addition or 
deletion of one or more virtual controllers, re -enumerating 
the lO controUer, and processing a descriptor list for each of 
the 10 controller and the one or more virtual controllers. 
Entering a reconfiguration mode preferably includes sus- 
pending operation of devices connected to the computer 
system. The predetermined conditions preferably include ^ 
increased or decreased data flow through the 10 controller. 

In another aspect, the invention is an integrated circuit 
device for use as an 10 controUer comprising a system bus 
interface, a programmable list processor and a port router. 
The system bus interface, the programmable list processor 
and the port router are preferably opera tively connected. The 
integrated circuit device is preferably adapted for reconfigu- 
ration to add or delete one or more virtual controllers, the 
virtual controllers providing substantially the full bandwidth 
supported by the integrated circuit device. 

Although the invention has been described with reference 
to exemplary embodiments and accompanying drawings, it 
can be readily understood that the invention is not restricted 
to such embodiments and that various changes and modifi- 
cations can be made by those skilled in the art without 
departing from the spirit and scope of the invention. 

What is claimed is: 

1. A method of controlliag data flow through an 10 
controller from one or more port interfaces to internal 
circuitry of a computer system comprising: 

determining a desired configuration for said 10 controller; 
reprogranoming said 10 controller to allow for processing 

of one or more descriptor lists; 
modifying the configuration of said 10 controller to reflect 65 
the addition or deletion of one or more virtual control- 
lers; 
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re-enumerating said 10 controller; 

processing a descriptor list for each of said 10 controller 
and said one or more virtual controllers; and 

wherein port interfaces support a maximum bandwidth, 
and said one or more virtual controllers are discovered 
and initialized during said rc-enumeration and provide 
the maximum bandwidth supported by said port inter- 
faces. 

2. A method according to claim 1, wherein modifying the 
configuration of said 10 controfler includes creating one or 
more new configuration descriptors which indicate the pres- 
ence of said one or more virtual controllers. 

3. A method according to claim 1, further comprising 
re-routing connections to said lO controller to a desired 
routing configuration. 

4. A method according to claim 1, wherein determining a 
desired configuration for said 10 controller and modifying 
the configuration of said 10 controller is controlled by 
drivers in said computer system. 

5. A method according to claim 1, wherein determining a 
desired configuration for said FO controUer and modifying 
the configuration of said 10 controller is controlled by 
firmware embedded in said 10 controUer. 

6. A method according to claim 1, wherein determining a 
desired configuration for said 10 controller includes deter- 
mining whether an existing configuration of said 10 con- 
U-oUer should be changed based on existing conditions and 
determining an optimized configuration for said 10 control- 
ler based on said existing conditions. 

7. A method of controlling data flow through an 10 
controUer in a computer system comprising: 

entering a reconfiguration mode upon the existence of one 
or more predetermined conditions; 

determining a desired configuration for said 10 controUer; 

reprogramming said 10 controller to aUow for processing 
of one or more descriptor lists; 

modifying the configuration of said 10 controller to reflect 
the addition or deletion of one or more virtual control- 
lers; 

re-enumerating said lO controUer; 

creating a descriptor list for each of said 10 controller and 

said one or more virtual controUers; and 
wherein said predetermined conditions include increased 

or deaeased data flow through said 10 controller. 

8. A method according to claim 7, wherein entering a 
reconfiguration mode includes suspending operation of 
devices connected to said computer system. 

9. An integrated circuit device for use as an 10 controUer 
comprising: 

a system bus interface; 

a programmable list processor; and 

a port router; 

wherein said system bus interface, said programmable list 
processor and said port router are operatively con- 
nected; 

wherein said 10 controller processes one or more descrip- 
tor lists; 

said 10 controller reflects the addition or deletion of one 
or more virtual controllers; 

said 10 controUer is re-enumerated; 

a descriptor fist is processed for each of said 10 control- 
lers and said one or more virtual controUers; and 

wherein port interfaces support a maximum bandwidth, 
and said one or more virtual controUers are discovered 
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and initialized during said re-enumeration and provide 
the maximum bandwidth supported by said port inter- 
faces. 

10. A method of controlling data flow through an 10 
controller from one or more port interfaces to internal 5 
circuitry of a computer system comprising: 

determining a desired configuration for said 10 controller; 

reprogramming said 10 controller to allow for processing 
of one or more descriptor lists; 

modifying the configuration of said 10 controller to reflect 
the addition or deletion of one or more virtual control- 
lers; 

re -enumerating said 10 controller; 

processing a descriptor list for each of said 10 controller 15 
and said one or more virtual controllers; and 

wherein one or more port interfaces support a maximum 
bandwidth, and said one or more virtual controllers are 
discovered during said re-enumeration and provide the 
maximum bandwidth supported by said one or more 
port interfaces. 

11. A method according to claim 1, wherein said one or 
more virtual controllers are initialized during said 
re-enumeration after being discovered. 



12. An integrated circuit device for iise as an lO controller 
comprising: 

a system bus interface; 

a programmable list processor; and 

a port router; 

wherein said system bus interface, said programmable list 
processor and said port router are operatively con- 
nected; 

wherein said 10 controller processes one or more descrip- 
tor lists; 

said 10 controller reflects the addition or deletion of one 
or more virtual controllers; 

said 10 controller is re-emmierated; 

a descriptor list is processed for each of said 10 control- 
lers and said one or more virtual controllers; and 

wherein one or more port interfaces support a maximum 
bandwidth, and said one or more virtual controllers are 
discovered during said re-enumeration and provide the 
maximum bandwidth supported by said one or more 
port interfaces. 
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